Background {#Sec1}
==========

Priapism is characterized by a persistent penile erection (more than 4 h) continuing unrelated to sexual stimulation \[[@CR1], [@CR2]\], including the common low-flow priapism and high-flow priapism \[[@CR1], [@CR3], [@CR4]\]. High-flow priapism is a rare condition, characterized by a prolonged and painless erection, which may permanently impair erectile function and should be treated timely to restore potency \[[@CR5]\]. A fundamental aim of priapism management is try to relieve penile ischemia/anoxia and to prevent erectile dysfunction (ED) to achieve maximal preservation of sexual health \[[@CR4]\].Surgery is the traditional method for high-flow priapism, however, this invasive treatment is less efficacious and associated with higher rates of ED compared with arterial embolotherapy \[[@CR6]\]. Transarterial embolization is a useful alternative to surgery for high-flow priapism if local treatment fails \[[@CR1], [@CR7]\]. Early diagnosis of high-flow priapism and prompt intervention is essential to prevent future complications \[[@CR8]\]. In this study, we report long-term outcome of superselective embolization in 14 cases with high-flow priapism refractory to medical and surgical treatments.

Methods {#Sec2}
=======

Patients {#Sec3}
--------

This retrospective study was approved by the Ethics Committee of The First Affiliated Hospital of Zhengzhou University. Informed consents were waived and all methods were carried out in accordance with the guidelines and regulations for clinical study. From August 2011 until July 2016, 14 patients with high-flow priapism refractory to medical or surgical treatment were reviewed in this retrospective chart review. Clinical evaluation, color Doppler ultrasonography, arteriography and selective embolization were performed. Follow up was performed in all patients.

Procedure {#Sec4}
---------

After local anesthesia, Seldinger method was used to puncture femoral artery, a 5F vascular sheath was introduced. A 5F Cobra tube was introduced for the common iliac artery angiography, penile artery was catheterized by a micro catheter. Then embolization was performed with gelatin sponge particles, polyvinyl alcohol particles or microcoils. Second angiography was used to confirm the effect of emblolization.

Results {#Sec5}
=======

Fourteen men were referred to our hospital with a complaint of a continuous erectile state, with a disease course of 14 h to 28 days and mean interval from onset to intervention of 18.8 ± 2.7 days. On admission to hospital, 2 showed normal general physical findings (Table [1](#Tab1){ref-type="table"}). Implicated factors from chart review included, chronic myelogenous leukemia (*n* = 2), trauma in perineal region (*n* = 1), peudoaneurysm in right Internal pudendal artery (*n* = 1), urethral catheterization for urinary retention (*n* = 3), masturbation (*n* = 2), Chinese traditional medicine wine (*n* = 2), and German KINGBOX aphrodisiac (*n* = 1). Table 1The patients' characteristicsCharacteristicsDataPatients, No.14Mean age, years38.4 ± 4.2 (Range 18--63)Mean interval from onset to intervention, Days18.8 ± 2.7 (Range 1--40)Recovery/days after intervention3.2 ± 0.5 (Range 1--7)Follow-up/years after intervention3.1 ± 0.4 (Range 0.9--5.8)Cause/ predisposition, No. (%) Urethral catheterization for urinary retention3 (21.4%) Chinese traditional medicine wine2 (14.3%) German KINGBOX aphrodisiac1 (7.1%) Trauma in perineal region1 (7.1%) Pseudoaneurysm1 (7.1%) None4 (42.9%)Previous failure treatments, No. (%) Aspiration therapy of corpus cavernosum7 (50.0%) External compression + local cold application3 (21.4%) Medication2 (14.3%) Medication + local cold application2 (14.3%)

The patients were first examined by ultrasonography, which showed a high-velocity in cavernous arteries in all cases and one peudoaneurysm in the right internal pudendal artery (Fig. [1](#Fig1){ref-type="fig"}). A diagnostic angiographic study was performed before intervention. Internal pudendal arteries were successfully catheterized; embolization was performed with polyvinyl alcohol particles in 5 cases, gelatin sponge particles in 6 cases, and microcoils 3 cases (Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}). The left external iliac artery was catheterized for arterial branches of the left internal pudendal artery in one case (Fig. [3](#Fig3){ref-type="fig"}). The patient with the pseudoaneurysm was embolized by two microcoils (2 mm\*2 cm), and priapism was relieved on the second day after embolization. Fig. 1The treatment for case 1. One pseudoaneurysm was shown in right internal pudendal artery by ultrasonography (**a**) and angiography (**b**). Right internal pudendal artery was successfully catheterized (**c**), embolization of its branches was performed microcoils of 2 mm\*2 cm (**d**), and pseudoaneurysm disappeared (**e**). The left internal pudendal artery was normal (**f**)Fig. 2The treatment for case 2. Right internal pudendal artery was catheterized (**a**) and its branches were embolized with gelatin sponge particles of 350-560um (**b**). Left internal pudendal artery was catheterized and external iliac artery shown (**c**), microcoils of 3 mm\*3 cm were used for embolization its branches (**d**)Fig. 3The treatment for case 3. Right internal pudendal artery was catheterized (**a**) and its branches were embolized with gelatin sponge particles of 350-560um (**b**). The left external iliac artery was catheterized for left internal pudendal artery (**c**), gelatin sponge particles of 350-560um were used for embolization its branches (**d**)

No severe complications were seen immediately following embolization, but we did not perform detailed erectile function assessments Only the pseudoaneurysm in right femoral artery was found in one case after intervention. At the 1 week follow-up appointments, 13 patients reported intact erectile function, the priapism diminished 1--7 days (mean 3.2 ± 0.5 days) after intervention, and 1 patient received second intervention. Mean follow-up was \#\# (range 10.8--69.6) months. Recurrence was noted in one patient. Four years after the first treatment, the patient with priapism attributed to German KINGBOX aphrodisiac showed recurrence of priapism after took KINGBOX again. Color Doppler ultrasonography was used for diagnosis. Unfortunately, his penis had to be surgically removed because of severe necrosis due to lack of timely treatment.

Discussion {#Sec6}
==========

Priapism is caused by a deregulation of penile detumescence, including low-flow (most common type), high-flow (very rare type) or stuttering priapism \[[@CR9]\]. The high-flow type is usually caused by an arterial injury, developing a painless erection. Treatment options include mechanical, pharmacological, surgical method and intervention. Although surgery is the traditional treatment for high-flow priapism, it is more invasive and associated with higher incidence of ED compared to arterial embolotherapy \[[@CR6]\]. Selective arterial embolization, first described in 1977 \[[@CR10]\], is the current therapy of choice for high-flow priapism if local treatment fails, such as local cold application \[[@CR11], [@CR12]\].

Although reabsorbable materials have traditionally been the most commonly used, the choice of embolic agent remains inconsistent \[[@CR6], [@CR13]\] including autologous blood clot \[[@CR14]\], gelatin sponge particles, polyvinyl alcohol \[[@CR15]\], coils and N-butryl cyanide (NBCA) \[[@CR6], [@CR14]\], and Ethylene-vinyl alcohol copolymer (Onyx®) \[[@CR3]\]. Autologous blood clot, a temporary occlusive agent, is very effective for treatment of high-flow priapism and permits restore normal blood flow after absorption \[[@CR5], [@CR6], [@CR14], [@CR16], [@CR17]\]. Lloret et al. describe two cases of patients with high flow priapism treated by using non-reabsorbable materials of microcoil embolization \[[@CR12]\]. In our study, gelatin sponge particles, polyvinyl alcohol \[[@CR15]\], and microcoils were used for embolization. KINGBOX includes many substances featured in Chinese medicine, including Cordyceps sinensis, saffron crocus and more. There are also various compounds within Chinese medicinal wine that may be related to the phenomenon of priapism. We recognize the absence of firm evidence to link these drugs to the instances of priapism in our study, but our anecdotal clinical experience suggests that they may be related.

Complications of embolization may include ED, ischemia/necrosis, inflammation, and abscess formation \[[@CR2], [@CR9], [@CR18]\]. It's reported that the incidence of ED using nonabsorbable material is up to 39%, however, ED was only reported by the patient with the pseudoaneurysm of the right femoral artery.

There are limitations in our study. The sample is very few and the embolization materials are not uniform, so further study is still wanted. There are missing data on erectile function, and only two patients underwent blood gas analysis.

Conclusions {#Sec7}
===========

Superselective transcatheter embolization is safe and effective in high-flow priapism refractory to medical or surgical treatments, with a good long-term prognosis.
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